The logic stochastic resonance (LSR) phenomenon induced in a double well nonlinear system that is described by an over-damped fractional Langevin equation with  -stable noise is investigated in this paper. Using the probability of the correct logic output to measure the influence of -stable noise on the LSR phenomenon, we explore the functions of fractional order m, characteristic exponent , skewness parameter  in inducing LSR phenomenon. The results show that by adjusting the order of the system LSR phenomenon can be induced, in a suitable range of the noise; fractional order m, characteristic exponent  and skewness parameter  have function in inducing LSR phenomenon. These studies will be contributed to select reasonable parameters in the applications of fractional order logic stochastic resonance, and lay the foundation for a chip manufacturing application based on the principle of LSR phenomenon.
INTRODUCTION
Stochastic Resonance (SR) refers to a phenomenon with using part of noise signal energy (Tadokoro et al., 2015; Li and Zhou, 2012; Mirandola et al., 2016; Yang et al., 2015) . The SR phenomenon is widely used in fields such as weak signal detection (He and Wang, 2012; Zhang et al., 2012) , medical (Jha and Chouhan, 2014) , biology (Benzi, 2007) , chemistry (Gammaitoni et al., 2009; Popoola et al., 2015) , image information recovery (Yang et al., 2012) and so on. In the nonlinear system, when the intensity of noise and the amplitude of the weak sinusoidal signal are matched according to appropriate relations, part of the noise energy can be transformed into useful energy, resulting in the nonlinear system to reach the maximum output signal-to-noise ratio (Ichiki and Tadokoro, 2013) .
In recent years, the computer industry has undergone rapid development. However, due to the presence of noise, the size of transistors in computer processors has reached a limit (Jeschke et al., 2007) . As a result, the size of computers is also reaching its limit. However, the findings of SR phenomenon represent available method to surpass these limits. An increasing number of scientists are engaged in related studies, and because the SR is a phenomenon that part of noise signal energy transferred into output energy and they hope that the SR phenomenon can be applied to the production of computer chips to break the current size limitations. Logic Stochastic Resonance (LSR) was first described by . From this work, LSR refers to a phenomenon in which the correct logical operation can be observed by using the SR phenomenon. In the same year, Murali et al. published another paper in which a CMOS based circuit was investigated that more easily exhibited the LSR phenomenon . In (Gupta et al., 2011) , the phenomenon of noise-free LSR was investigated, in this case, the LSR phenomenon can be observed by driving the nonlinear system with a weak sinusoidal signal even without noise. In (Wang and Song, 2015) , the phenomenon of parameter-induced LSR was investigated, which means that by adjusting the parameters of the nonlinear system, the LSR phenomenon can be observed.
Currently, although LSR has been widely studied, the findings regarding LSR are mostly in the condition of integer order, with few studies in the case of fractional order. Recently, the theory of fractional calculus has received much attention. The fractional calculus was found meaningful applied for the viscoelastic material, chaos and anomalous diffusion etc (Deng et al., 2014; Aissa et al., 2016; Baleanu et al., 2015; Magin et al., 2008) . Fractional calculus has also been investigated in stochastic resonance. The SR phenomenon can be observed on a fractional bistable system under multiplicative noise and periodically modulated noise (Zheng et al., 2014) .
The previous works about LSR are usually considering Gaussian white noise. Gaussian white noise is a particular strength of the noise, can only simulate the mean small deviations of normal diffusion. In actual industrial production the intensity of noise is often unknown,  -stable distribution of noise is a kind of more generalized Gaussian distribution. In other words, Gaussian white noise is one of its special cases. So, we investigate the LSR phenomenon induced by a fractional order bistable system under  -stable noise.
The probability of correct logic output (P) is an important index to measure the LSR phenomenon. Only when P is nearly 1, it can be said that the LSR phenomenon is observed. P is used to measure the influence of  -stable noise on the LSR phenomenon.
And P is defined as Equation (1), where i p means correct logic output at the round i and N means the total rounds.
FRACTIONAL LANGEVIN EQUATION
The Fractional Langevin equation (Zhong et al., 2013; Lutz et al., 2001 ) is shown below: 
Where a and t are the lower and upper limit of the integration.
is a symmetric double-well potential.
There are two minima located at l x  , which are separated by a potential barrier with
The following characteristic function can be used to represent random variable of the  -stable distribution:
( 2) log ,
Where x=1 is characteristic exponent, which determines the tailing thickness of the curve of the distribution function. [-1,1] is the skewness parameter that determines the symmetry of the stable distribution. So  -stable noise can be expressed as follows:
FRACTIONAL LOGIC LANGEVIN EQUATION
The logic output has two states: 0 and 1. There are two potential wells in V(x) as introduce in section 2. Therefore, the well ( l xx  ) that is larger than 0 can be regarded as output logic 1, and the other well ( l xx  ) can be considered output logic 0.
Here, we consider the AND logic operation, where I 1 and I 2 are two square waves with two different values (N + > 0, N -< 0). N + denotes input logic 1, and N -denotes input logic 0. As is known, when the input is (0,0), (0,1), or (1,0), the output is logic 0; when the input is (1,1), the output is logic 1. Therefore, I = I 1 + I 2 has four logic input states with 
As the value of (1,0) and (0,1) is same with N + +N -, the four logic input states (1,1), (1,0) or (0,1) and (0,0) reduce to three states as
When the logic input is applied to double well potential, the equation turns into When V(x) becomes to V 1 (x), Equation (2) can be written as:
In this paper, the time of the system begin with 0, so the value of a in this paper is 0. And we value a 1 =10/7, a 2 =1, Equation (7) turns into: In this paper, N + =0.5, N -=-0.5, b=-0.5. When b is assigned certain different values, the system exhibits different logic operations, as presented in Table 1 . When b is 0, the logic operation is the memory operation. When input signals I 1 and I 2 are (0,1) or (1,0), the output value depends on the previous output value. When the previous output value is 0, the output value is 0; when the previous output value is 1, the output value is 1. When b is 0.5, the logic operation is the OR operation. In this paper, the fractional order operator is approximated by an Oustaloup Recursion Approximation (ORA) algorithm (Levron et al., 2014) . In a specified frequency range Fig. 3 are obtained by simulating the system (8). The input signal is only two square waves with I 1 and I 2 , as shown in Fig.2 (a) and Fig.2 (b) . Fig.2 (c) is the square wave of I 1 + I 2 .
ANALYSIS OF THE EXPERIMENTAL RESULTS

Fig. 2 and
Figure 2. Input square wave I 1 , I 2 , I 1 + I 2 from top to bottom From Fig.3 (a) we know that when scale  is 0.1, the LSR phenomenon cannot be observed and part of the logic output is incorrect. The reason for this behavior is that the required extra energy is not enough to change the output from the potential well that represents logic 0 to the potential well that represents logic 1 or from the potential well that represents logic 1 to the potential well that represents logic 0. Fig.3 (a) shows that by applying low  -table noise, the LSR phenomenon is not observed, as the extra energy is not sufficient. However, when  -stable noise is high enough, the LSR phenomenon can be observed, as shown in Fig. 3 (b) when  is 0.4. when  is 0.7, the extra energy is so high that the LSR phenomenon cannot be observed. Fig. 4 shows the probability of the correct logic output of the LSR phenomenon, when fractional order m is 0.7 and 1. When fractional order m is 1 that the system is in condition of integer order case, as the intensity of -stable noise is changed, the success rate of logic stochastic resonance P is not close to 1. However, When fractional order m is 0.7, the "window effects" that within the effective width of the intensity of -stable noise, P is close to 1. In order to get the relation of fractional order m effects on LSR phenomenon, we simulate the system based on the step of 0.05, and the result is shown as Fig.5 .
When 0mm 1 , even without noise, nonlinear fractional bistable system can get the correct logic operations. In the meantime the LSR phenomenon cannot be observed. When m 1 mm 2 , the LSR phenomenon will be occurred. With the fractional order increases, the "window" moves to the high  value. In other words, when the fractional order m increases, the optimal band of -stable noise initially increases. The reason for this behavior is that when the fractional order increases, the energy that the particle needed to cross the barrier becomes larger. When m 2 m1, when the fractional order m increases, the optimal band of -stable noise becomes smaller and finally disappeared. The characteristic exponent  is one of the important parameters in the -stable noise.
In this part, we study the effect of characteristic exponent  coordinates with fractional order m to induce LSR phenomenon. The effect of the characteristic exponent  is discussed in the integer order.
Changing characteristic exponent 
The other parameters are kept constant while the characteristic exponent  is changed with 1.3, 1.5, 1.8, 2.0, the results are shown as Fig.6 . It is depicted that when the characteristic exponent  is 2.0, the "window effects" will be observed and with the decreasing characteristic exponent , the "window effects" will be disappeared and the probability of the correct logic output P is close to 0. Fig.7 illustrates the probability of the correct logic output P when the scale  and the characteristic exponent  changes. It can be seen that only when characteristic exponent  is close to 2.0, the LSR is occurred. From the discussion of 4.1, we know that in the suitable condition the LSR phenomenon may be induced by changing the fractional order m. Fig. 8 is obtained when the fractional order m is 0.7 with other parameters fixed. Comparing with Fig.7 and Fig.8 , it can be concluded that the area LSR phenomenon occurred in Fig.8 is much bigger than the area in Fig.7 . It indicates that when the characteristic exponent  is close to 2.0, the probability of the correct logic output P is more close to 1. When  is smaller than 1.2 the LSR phenomenon vanished even by changing the fractional order m. Figure 8 . The probability of the correct logic output P versus scale  and characteristic exponent  respectively. Here, = 0, =0, m=0.7, b=-0.5.
Effect of skewness  and fractional order m on LSR
We now consider the skewness parameter  and the fractional order m affects the phenomenon of LSR. Skewness  is another important parameter of -stable noise. Fig.9 illustrates the probability of the correct logic output P with different scale  and characteristic exponent  respectively with changing step 0.04 when the order m is integral, it can be observed that the probability P close to 1 is scattered with some special parameters, thus no "window effects" appeared. Figure 9 . The probability of the correct logic output P versus scale  and characteristic exponent  respectively. Here, =1.9, =0, m=1, b=-0.5. Fig.10 is obtained when the other parameters fixed while fractional order m is set to 0.7. Comparing with Fig.9 and Fig.10 , it indicates that when 0.24<<0.56, P is almost near to 1 in Fig.10 ; however there is only in some special parameters in Fig.9 then P is close to1. So we can know P can be enhanced by changing  and fractional order m. Figure 10 . The probability of the correct logic output P versus scale  and characteristic exponent  respectively. Here, =1.9, =0, m=0.7, b=-0.5.
Changing skewness 
Changing skewness  and fractional order m
CONCLUSIONS
In this paper, the properties of the over-damped fractional Langevin equation with  -stable noise were studied. The following four results are obtained by simulating. Firstly, by adjusting the fractional order of the system, LSR phenomenon can be induced. Secondly, in a suitable range of noise, the LSR phenomenon may be induced by changing the fractional order m. When 0mm 1 , even without noise, nonlinear fractional bistable system can get the correct logic operations. In the meantime the LSR phenomenon cannot be observed. When m 1 mm 2 , the LSR phenomenon will be occurred. With an increasing fractional order, when the fractional order m increases, the optimal band of -stable noise increases. When m 2 m1, with the fractional order m increasing, the optimal band of  -stable noise becomes smaller and finally disappeared.
Thirdly, in the condition of fractional order may be got better results than in the condition of integer order when  is close to 2.0; and when  is smaller than 1.2 the LSR phenomenon vanished even by changing the fractional order m. Fourthly, when The probability of the correct logic output P almost close to 1 in the condition of fractional order; however there is only in some special parameters for integer order system.
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